CONVERSION FACTORS AND ABBREVIATIONS

Multiply meter (m)
liter ( Abbreviations related to water quality and to Lsotopic compositon of rock-core samples: Dissolved-solids concentrartion of water is given milligrams per liter (mg/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million. Oxygen-isotope composition of rock-core samples is expressed as per mil (parts per thousand) differences in the measured isotopic ratios of the sample to Standard Mean Ocean Water (SMOW). The unit 818O is the standard expression of the ratio of 18O to 16O.
Other Abbreviations:
EDS Energy dispersive spectroscopy RASA Regional Aquifer-System Analysis SEM Scanning electron microscopy XRD X-ray diffraction
INTRODUCTION
Oxygen-isotope compositions of authigenic-layer silicates have been used in previous investigations to interpret compositional changes of pore fluids during basin evolution, as well as to interpret corresponding temperature regimes of sandstone reservoirs during mineral diagenesis (Longstaffe, 1986; Longstaffe, 1984; Longstaffe and Ayalon, 1987) . The paragenetic sequence of authigenic minerals in sandstones of Mississippian and Pennsylvanian age in the Michigan Basin in the Lower Peninsula of Michigan has been identified (Westjohn and others, 1991) . Layer silicates observed include, in order of deposition, early chlorite, kaolinite, and late-stage illite, which was the last authigenic mineral to precipitate. The same sequence of authigenic minerals was observed in Mississippian and Pennsylvanian sandstones that contain ground water having a large range of oxygen-isotope compositions (-15.7 to -1.8 per mil) and dissolved-solids concentrations (189 to 297,000 mg/L) (Dannemiller and Baltusis, 1990) . It is unknown whether mineral phases are in isotopic equilibrium with pore water in sandstone aquifers. Knowledge of oxygen-isotope compositions of authigenic-layer silicates is needed to evaluate potential rock-water interactions.
Investigators with the U.S. Geological Survey's Michigan Basin Regional Aquifer-System Analysis program sampled Mississippian and Pennsylvanian sandstones from collections of diamond-drill cores to obtain information on authigenic-layer silicates in sandstones in the Michigan Basin. The suite selected for mineralogical and isotopic analyses includes the Marshall Sandstone of Mississippian age (18 samples, depths of 22 to 1,365 ft) and the Grand River and Saginaw Formations of Pennsylvanian age (8 samples, depths of 63 to 136ft).
The purpose of this report is to publish oxygen-isotope data of authigenic chlorite and kaolinite extracted from Mississippian sandstones and authigenic kaolinite extracted from Pennsylvanian sandstones. The primary goal of the investigation is to provide solid-phase-isotope data for sandstones sampled from areas of the basin where dissolved-solids concentrations and isotopic compositions of ground water span the range known to exist in the basin.
OXYGEN-ISOTOPE, X-RAY-DIFFRACTION, AND SCANNING-ELECTRON-MICROSCOPE EXAMINATIONS
Mississippian and Pennsylvania!! sandstones are bedrock aquifers in the Michigan Basin. Samples from these units were selected and prepared for scanning-electron-microscope (SEM) examinations, isotopic analyses, and X-ray-diffraction (XRD) analyses. The samples were selected from collections of cores (Michigan State University and University of Michigan core laboratories; U.S. Geological Survey core collection) drilled as part of hydrocarbon-exploration or hydrogeologic investigations. The locations of drill-hole sites are shown in figure 1 and listed in table 1 (all tables are at the end of the report).
Oriented-specimen mounts were prepared for XRD analyses according to methods outlined by Jackson (1979) . As many as eight treatments are necessary to identify different layer-silicate minerals. These treatments include potassium saturation at 25, 300, and 550°C; magnesium saturation and ethylene glycol solvation; glycerol solvation; hydrazine intercalation; High Gradient Magnetic Separation, and deionized-water rinsing. Layer-silicate minerals were identified on the basis of characteristic basal reflections. The XRD data are summarized in table 2.
The High Gradient Magnetic Separation method of Tellier and others (1988) was used to concentrate paramagnetic (chlorite) and diamagnetic (kaolinite) minerals for isotopic analyses. Oxygen was extracted from kaolinite and chlorite separates for mass-spectrographic analyses by use of the bromine pentaflouride method of Clayton and Mayeda (1963) . Oxygen-isotope compositions of authigenic chlorite and kaolinite extracts from Mississippian sandstones range from +10.3 to+11.9 and +12.9 to+19.3 per mil, respectively. Oxygen-isotope compositions of kaolinite extracts from the Pennsylvanian sandstones range from +16.8 to+19.0 per mil. Chlorite and illite are present in Pennsylvanian sandstones in insufficient quantities for isotopic analyses. The isotopic data are summarized in table 3.
SEM examinations of samples were combined with energy-dispersive-spectroscopy analyses to identify authigenic-layer-silicate minerals. Authigenic-layer-silicate minerals in Mississippian sandstones are chlorite, kaolinite, and illite (table 4). Paragenetic relations of authigenic-layer-silicate minerals were identified by use of petrographic and SEM examinations. Textural criteria were then used to identify growth relations among all authigenic minerals in the suite of sandstone samples (Westjohn and others, 1991) . The paragenetic sequence of authigenic-layer silicates in Mississippian and Pennsylvanian sandstones is, in order of deposition, chlorite, kaolinite, and illite. Clayton and Mayeda, 1963. 'Michigan Department of Natural Resources, Oil and Gas Permit 31497. Treatments: Treatments applied to the < 2-micrometer fraction of samples. DI, deionized-water rinsing (air dried); GLY, glycerol solvation; HG, High Gradient Magnetic Separation; HZ, hydrazine intercalation; K25, potassium saturation at 25°Centigrade; K300, potassium saturation at 300°Centigrade; K550, potassium saturation at 550°Centigrade; MG, magnesium saturation and ethylene-glycol solvation.
Mineral: Minerals identified on the basis of characteristic basal reflections. C, chlorite; K, kaolinite; I, illite; S, smectite; I/S, illite/smectite interlayer; C/K, chlorite and (or) kaolinite (unable to differentiate, basal reflections overlap); I/K, illite and (or) kaolinite (unable to differentiate, basal reflections overlap). I/Imax: I is the relative intensity of basal reflections (in percent), the largest peak, Imax, is 100 percent.
Basal reflections: A, angstroms; -, no response at this wavelength (mineral not identified). 
